Objective: To assess the efficacy and safety of morphine sulfate and naltrexone hydrochloride extended release capsules (EMBEDA ® ; MS-sNT), which contain morphine sulfate pellets with a sequestered naltrexone core, in treating patients with chronic, moderate-to-severe osteoarthritis (hip or knee) pain. Patients and Methods: This phase 3 study had an enriched-enrollment, randomized-withdrawal, double-blind, multicenter design. Patients (N = 547) were titrated to an effective dose of MS-sNT (20-160 mg/day). Responders (n = 344) were randomized to 12 weeks maintenance with an effective MS-sNT dose or were tapered to placebo over 2 weeks. The primary efficacy measure was the change from baseline (CFB) in diary average-pain scores (0-10 scale, Brief Pain Inventory [BPI]) from randomization to the last 7 days of the maintenance period. Secondary efficacy measures included the remaining BPI scores and Western Ontario and McMaster Universities (WOMAC) Osteoarthritis Index. Opioid withdrawal symptoms were assessed by the Clinical Opiate Withdrawal Scale (COWS) and Subjective Opiate Withdrawal Scale (SOWS). The study ran from January 10, 2007 through November 8, 2007. Results: MS-sNT maintained pain control better than placebo (mean CFB, diary average-pain score, -0.2 ± 1.9 vs +0.3 ± 2.1; P = 0.045). Change from baseline for MS-sNT pain-diary score (worst, least, average, current) was superior during the maintenance period visits, weeks 2 to 12 (P , 0.05). WOMAC composite score CFB was superior at most visits. MS-sNT was generally well tolerated, with a typical morphine safety profile. No patient taking MS-sNT as directed experienced withdrawal symptoms. Conclusion: MS-sNT provided effective analgesia in patients with chronic, moderate-to-severe osteoarthritis pain, with a safety profile typical of morphine-containing products. Naltrexone sequestered in MS-sNT had no clinically relevant effect when MS-sNT was taken as directed.
Introduction
Control of chronic pain is an important therapeutic challenge. Suboptimal control of chronic pain can lead to substantial suffering, productivity loss, and increased health care costs, and is a leading reason for disability in working adults. 1 Many patients with moderate-to-severe pain fail to obtain adequate pain relief with nonopioid agents and, as a result, opioid analgesics are frequently used either in monotherapy or as add-on therapy. 1 Because of their analgesic efficacy across multiple pain states, opioids remain a mainstay of chronic pain management. 2, 3 It has been estimated that between February 1998 and September 2006, . 4.3 million adults in the United States regularly used opioids in any given week. 1, 3, 4 Immediate-release opioid formulations require dosing every 3 to 4 hours when administered orally, whereas extended-release oral Global reprints distributed only by Postgraduate Medicine USA. No part of Postgraduate Medicine may be reproduced or transmitted in any form without written permission from the publisher. All permission requests to reproduce or adapt published material must be directed to the journal office in Berwyn, PA, no other persons or offices are authorized to act on our behalf. Requests should include a statement describing how material will be used, the complete article citation, a copy of the figure or table of interest as it appeared in the journal, and a copy of the "new" (adapted) material if appropriate 71508e
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Morphine Sulfate and Naltrexone HCI Extended Release formulations can provide effective pain relief over periods up to 24 hours. 1 Despite their demonstrated efficacy, the use of opioid analgesics to treat chronic pain is often limited by the fear of potential abuse and concern among health care providers about being accused of opioid over-prescribing. 2, 3, 5 Multiple data sources indicate that the misuse, abuse, and diversion of opioids are increasing. Results from the 2008 National Survey on Drug Use and Health indicated that the number of "current" (within the previous month) abusers of prescription pain relievers (4.7 million) surpassed the number of current abusers of cocaine (1.9 million) and heroin (0.2 million). 6 In 2008, the specific drug categories with the largest number of past-year initiates among people aged $ 12 years were prescription pain relievers and marijuana (approximately 2.2 million initiates each). 6 The most common routes of administration of abused opioids are oral, snorting, and injection. 7 Extended-release formulations may be greater targets for abuse compared with shorter-acting, immediate-release formulations due to their higher opioid content. Tampering with extended-release formulations may result in release of the large unit dose of opioid at once, which increases the risk of serious and life-threatening side effects. 1 As a result, several pharmaceutical formulation strategies have been proposed to deter abuse of extended-release opioids. 1 The abuse liability of such products is examined using various methodologies that may include benchtop testing (in vitro) to analyze the robustness of a formulation under various attempts at tampering, preclinical studies (eg, self-administration), and clinical abuse potential testing (commonly referred to as abuse liability or likeability studies) using surrogate markers (eg, reinforcing effects, drug liking, and euphoria). To establish whether any of these products are truly abuse "deterrent" or "resistant," further post-marketing epidemiological studies are required to determine whether they are less abused in the community compared with similar products that are more readily abused. It also remains important, however, to demonstrate that these formulations are effective in achieving their primary purpose: effectiveness in pain management. Morphine sulfate and naltrexone hydrochloride capsules (EMBEDA ® ) contain polymer-coated pellets of extendedrelease morphine sulfate, each with a sequestered core of the opioid antagonist naltrexone (morphine sulfate with sequestered naltrexone [MS-sNT]). 8 MS-sNT was developed based on the extended-release formulation used in morphine sulfate extended-release (KADIAN ® ) capsules, which do not contain naltrexone. The polymer coating of defined thickness and porosity controls the rate of morphine dissolution in a pH-dependent manner as the pellets pass through the gastrointestinal tract. 9, 10 MS-sNT capsules are indicated for the management of chronic, moderate-to-severe pain when a continuous, around-the-clock opioid analgesic is needed for an extended period of time. 8 When MS-sNT is taken orally as directed, the release of morphine provides analgesic activity, whereas the naltrexone remains sequestered with only trace systemic exposure. 8 Crushing the pellets and dissolving them in certain solvents releases naltrexone, 11 which has been shown to successfully mitigate the morphine-induced, subjective effects in patients with a history of recreational opioid abuse. 12 When taken whole, as intended, MS-sNT exhibited a comparable pharmacokinetic profile, efficacy, tolerability, and safety in an active-controlled trial compared with a marketed formulation of extended-release morphine sulfate (KADIAN   ®   ) 10 in patients with chronic osteoarthritis (OA) pain. 13 The current study was designed to evaluate the efficacy and safety of MS-sNT compared with placebo in the treatment of patients with chronic, moderate-to-severe pain associated with OA of the hip or knee.
Patients and Methods
Men and women aged $ 21 years with OA of the hip or knee who were otherwise in generally good health were eligible if they required treatment of chronic joint pain within the last 90 days and were unable to consistently control joint pain with either nonopioid analgesics, tramadol, or another opioid at a dose equivalent to # 40 mg/day of oral morphine. Eligible patients had an average 24-hour pain intensity score of $ 5 on the 11-point pain scale (0 = no pain; 10 = pain as bad as you can imagine) at the baseline visit following cessation of previous medications, a primary diagnosis of functional class I-III OA of the hip or knee, and also met American College of Rheumatology clinical classification criteria for OA pain of the hip or knee. 14, 15 Patients with $ 1 joint pain who met these criteria were asked to choose the most painful area to serve as the target joint for assessing treatment efficacy.
Exclusion criteria included history of drug or alcohol abuse or dependence within the past 5 years; a positive urine toxicology test for illicit drugs or nonprescribed controlled substances at screening; allergy, intolerance, or nonresponsiveness to opioids; established history of uncontrolled major depressive disorder; any condition that would interfere with or confound the study result or pose patient risk; injury to the target joint within 12 weeks prior to screening; and documented history of rheumatoid arthritis, inflammatory arthritis, or nonsteroidal anti-inflammatory drug (NSAID)-dependent 
Study Design
This randomized, double-blind, placebo-controlled, multicenter outpatient study (Sponsor study ALO-KNT-301) was conducted in accordance with the principles of the Declaration of Helsinki and its amendments and in compliance with the International Conference on Harmonisation principles of Good Clinical Practice and all national regulatory requirements. The protocol and related study materials were approved by an institutional review board or independent ethics committee for each site before patients were enrolled. All patients provided written informed consent before any study-related procedures were conducted.
The study followed an enriched-enrollment, randomizedwithdrawal (EERW) design. 16, 17 The study consisted of 3 periods: washout, titration, and maintenance ( Figure 1 ). The EERW trial design more closely reflects clinical practice, and differs from that of traditional randomized clinical trials in that all participants undergo open-label dose titration to effective dose prior to randomization. 16, 17 Those patients who did not respond to or did not tolerate the study drug were discontinued from the trial. Patients who reached an optimal effective analgesic dose were randomized either to continued MS-sNT or tapered to placebo. The outcome assessed in the EERW trial design is loss of analgesic efficacy after removal of therapy rather than reduction of pain upon institution of therapy. 18 During each period, rescue medication with acetaminophen (# 500 mg every 6 hours) was allowed. Patients were instructed to refrain from taking nonstudy pain medications; however, daily aspirin # 325 mg for cardiovascular prophylaxis was permitted. Throughout the study, patients used an electronic diary daily to answer questions about their pain intensity and rescue medication use. Patients were screened for eligibility up to 14 days before a baseline assessment, after which they entered a 1-to 7-day washout period, and discontinued all prohibited and pain medications. When the required 24-hour pain intensity was attained (score $ 5 on the 11-point pain intensity scale), the patient was instructed to return to the clinic within 72 hours for the baseline assessment, which consisted of standard clinical and laboratory testing and reconfirmation of patient eligibility. Acetaminophen was prohibited during the 24-hour period before this baseline visit. Patients with a pain intensity score of , 5 and those who could not tolerate their pain with the maximum allowed dose of acetaminophen were discontinued from the study.
Eligible patients entered a titration period lasting up to a maximum of 45 days, during which the dose of open-label MS-sNT was titrated until an effective twice-daily regimen was achieved. The starting dose of MS-sNT was 20 mg at bedtime in opioid-naïve patients, and 20 mg twice daily in those previously treated with opioids, although investigator discretion was allowed for the starting dose needed for pain control in opioid-experienced patients. Dose titrations were performed weekly and increases were made in increments of 20 mg/day up to 120 mg/day, with a final increase from 120 to 160 mg/day if needed. A maximum of 2 back-titrations was allowed, if necessary, to establish an effective tolerated dose. During the titration period, patients were seen weekly for pain intensity and safety assessments. Patients were considered responders when their average-pain intensity score on the Brief Pain Inventory (BPI) scale over the last 4 days before the clinic visit was # 4 and had declined by $ 2 points from baseline. Once identified as treatment responders, Morphine Sulfate and Naltrexone HCI Extended Release patients were allowed to continue dose titration for increased pain relief provided the maximum MS-sNT dose and titration period duration were not exceeded. Patients who did not achieve an effective analgesic dose after titration to the maximum dose or by 45 days were discontinued.
Treatment responders entered the double-blind maintenance period during which they were randomly assigned to receive the effective dose of MS-sNT determined during titration or dosage titration down to placebo. The outpatient site contacted the Interactive Web Response System to receive a randomization number and treatment assignment (MS-sNT at the effective dose or placebo). Randomization was stratified by target joint (hip or knee), the final total daily dose of the titration period (# 80 mg, . 80 mg), and site. Both drug and placebo were packaged so as to be blinded to the investigator, study clinic personnel, and patients.
The minimum dose of MS-sNT allowed at randomization was 20 mg twice daily. Patients randomized to the placebo group were tapered gradually in a blinded manner over 2 weeks using a double-dummy design. During the maintenance period, patients attended clinic visits at weeks 0, 1, 2, 4, 6, 8, 10, and 12 for efficacy, tolerability, and safety assessments. Patients who discontinued prematurely from the titration or maintenance period completed an early termination assessment, which included the same procedures specified for the week 12 clinic visit: vital signs, adverse events (AEs), and efficacy assessments. Patients who completed the maintenance period entered a 2-week tapering period, after which they were transitioned to the standard of care appropriate for their existing OA condition.
Efficacy Assessments
Patients recorded pain intensity daily in their electronic diary using 4 items from the BPI Short Form Questionnaire 19 : pain at its worst and least in the last 24 hours, pain on average in the last 24 hours, and the current level of pain, all assessed on a 0-to-10-point scale (0 = no pain; 10 = pain as bad as you can imagine). The primary efficacy outcome was the change in diary average-pain scores from randomization baseline (average of past 24-hour pain scores from the last 7 days before randomization) to completion of the maintenance period (for completers, the final 7 days of the 12-week study).
Prespecified secondary efficacy outcome measures were: in-clinic pain intensity; weekly diary worst-, least-, current-, and average-pain scores over the past 24 hours; diary averagepain scores averaged over the entire maintenance period; and patient-completed assessments on the following instruments: 1) Western Ontario and McMaster Universities (WOMAC) Osteoarthritis Index, with 3 subscales (pain, stiffness, and physical function) and a composite index score. Each of the 24 items on the WOMAC Osteoarthritis Index has a score of 0 (none) to 4 (extreme); scores were then standardized on a 0-to-100-point scale 20 ; 2) Medical Outcomes Study (MOS) Sleep Scale, consisting of 12 items with 7 subscale scores (score range, 0-100 points); with the exception of sleep adequacy subscale, higher scores indicate greater impairment 21, 22 ; 3) Beck Depression Inventory (BDI), a 21-item, multichoice questionnaire to evaluate degree of depression (each item has a scale of 0-3 points; 0 = minimal, 3 = severe; total score range 0-63). 23 The WOMAC Osteoarthritis Index and MOS Sleep Scale were evaluated at screening baseline, last visit of titration (same as first day of maintenance period), and during maintenance. The BDI was administered at screening baseline and at weeks 4, 8, and 12 of the maintenance period. The study protocol included an assessment of Patient Global Impression of Change (PGIC) by a 7-point scale from "very much improved" to "very much worse" since last visit. However, after consideration of the analyses, in which the first reported time was at randomization baseline with values reflecting change from multiple presentations (2, 4, 6, 8, 10, and 12 weeks of maintenance) rather than change from baseline, the data were considered uninterpretable and are not reported here.
A prespecified responder analysis was also performed on in-clinic, 24-hour average-pain intensity scores at the completion of the titration and maintenance periods. For patients who completed the titration period and qualified for randomization, the range of percent decreases for in-clinic, 24-hour average-pain intensity from 0% to 100% (in increments of 10%) between the screening baseline and randomization baseline was calculated. Patients who discontinued during the titration period or who failed to qualify for randomization (ie, patients who did not achieve an effective analgesic dose [defined as an average-pain intensity score of # 4 on the BPI over the last 4 days before the clinic visit and a decline of $ 2 points from baseline]) after titration to the maximum dose or by 45 days were considered nonresponders. For patients who entered the maintenance period, the cumulative proportion of responders was based on the percent decrease in in-clinic, 24-hour average-pain intensity from screening baseline to study completion (12 weeks of maintenance). Patients who discontinued from the study during the maintenance period were considered nonresponders.
Use of rescue medication (1 tablet [500 mg] of sponsorprovided acetaminophen every 6 hours, if needed) was Downloaded by [Massachusetts College of Pharmacy] at 11:24 20 November 2015 allowed for ethical reasons. The average weekly use of rescue medication was calculated at each visit from pill counts summed over 7-day intervals and was used for descriptive purposes only.
Safety Assessments
Safety was assessed by the incidence of treatment-emergent adverse events (TEAEs) and by changes in vital signs, clinical laboratory parameters, and physical examination findings at clinic visits. Treatment-emergent adverse events were evaluated according to intensity and suspected relationship to study treatment by the investigator, and coded to the Medical Dictionary for Regulatory Activities. In addition, since exposure to naltrexone can precipitate opioid withdrawal in opioid-dependent individuals, the Clinical Opiate Withdrawal Scale (COWS) and Subjective Opiate Withdrawal Scale (SOWS) were used to assess opioid withdrawal during the maintenance period. 24, 25 Investigators used the COWS 11-item scale to assess a patient's level of opioid withdrawal, with total scores of 5 to 12 indicative of mild withdrawal; 13 to 24, moderate withdrawal; 25 to 36, moderately severe withdrawal; and . 36, severe withdrawal. The COWS can be administered serially to identify changes in the severity of the signs and symptoms of opiate withdrawal. 24 The COWS was administered at weeks 0, 1, and 2 of the maintenance period, as well as at the final visit of the maintenance period or an early termination visit. Patients also rated intensity of withdrawal symptoms using the SOWS, which rates 16 withdrawal symptoms on a scale from 0 (not at all) to 4 (extremely). 25 Total SOWS scores of 6 to16 were defined as mild withdrawal; 17 to 32, moderate withdrawal; 33 to 48, moderately severe; and . 48, severe withdrawal. The SOWS was completed daily during the first 2 weeks of maintenance period by electronic diary.
Statistical Analysis
The primary efficacy measure was the change in diary BPI average-pain score from randomization baseline to the last 7 days of the maintenance period. Randomization baseline was defined as the diary average-pain score over the last 7 days of the titration period. For patients who discontinued, pain scores were imputed based on treatment group and reason for discontinuation ( Table 1) .
The primary efficacy analysis (change from randomization baseline in average-pain scores) was conducted in the intent-to-treat population, defined as all patients who were randomized into the maintenance period and who received $ 1 dose of double-blind study medication. Comparisons between the MS-sNT and placebo groups for the primary efficacy measure were made by an analysis of covariance (ANCOVA) with treatment as a categorical factor and the randomization baseline score as covariate. Assuming an indicated that this would have provided . 99% power for the primary efficacy measure with this sample size, which raised ethical concerns about exposing additional patients to the protocol. Therefore, enrollment was discontinued after 344 patients had been randomized. To account for patients who discontinued, pain scores were imputed based on treatment group and reason for discontinuation. The concern that patients randomized to placebo could experience withdrawal symptoms manifesting as a return of baseline pain, thereby adversely affecting efficacy scores prior to study discontinuation, was addressed with these imputation rules. Screening baseline value was used for patients who discontinued due to AEs and for patients taking MS-sNT capsules who discontinued due to withdrawal symptoms; randomization baseline was used for patients on placebo who discontinued due to withdrawal symptoms; and last-observation-carried-forward methodology was used in all other instances (Table 1) . Three additional sensitivity analyses using alternative methods for data imputation (Table 1) were also conducted to consider the possible impact of study discontinuation on the primary efficacy variable. These were designed to be supportive efficacy analyses of the primary endpoint.
Continuous secondary efficacy measures were summarized at each visit by treatment using descriptive statistics and analyzed using a mixed-effects repeated-measures model, with fixed-effects terms including days on study, treatment, and their interaction; randomization baseline value was the covariate. No adjustment for multiple analyses was made because there is only 1 primary efficacy endpoint analysis. Secondary analyses were reported as changes from baseline to parallel the primary outcome.
The cumulative proportion of patients who were responders based on in-clinic, 24-hour average-pain intensity scores was summarized in 10-point increments. 26 Differences between the MS-sNT and placebo groups in the proportion of patients who reported $ 20%, 30%, 40%, or 50% improvement in the maintenance period were assessed using the Fisher exact test.
Safety assessments, including COWS and SOWS, were summarized by treatment using descriptive statistics for all patients who received double-blind study medication during the maintenance period. The frequency of TEAEs between treatment groups was compared using the Fisher exact test.
In addition, a post hoc determination of the proportion of patients who discontinued during the maintenance period for any reason, for AEs, or for lack of efficacy was performed and displayed graphically over time. The log-rank test was used to test treatment differences in time to discontinuation for each of the above reasons.
Results

Patient Disposition and Baseline Characteristics
The first patient was enrolled January 10, 2007, and the last patient was completed November 8, 2007. A total of 547 patients entered the titration period and received $ 1 dose of MS-sNT. When enrollment was concluded, 344 patients (62.9%) had successfully completed the titration period and proceeded to randomization. During the titration period, the most common reasons for discontinuation were AEs (124/547 patients; 22.7%) and lack of efficacy (22/547; 4%) ( Figure  2 ). At randomization, 173 patients were switched to placebo and 171 patients continued their titrated dose of MS-sNT (Figure 2 ). During the maintenance period, AEs were also the most common reason for discontinuation in the MS-sNT group (18/171 patients; 10.5%), although the incidence was much lower than in the titration period. In comparison, lack of efficacy (32/173 patients; 18.5%) was the most common reason for discontinuation in the placebo group (Figure 2) .
Demographic characteristics of patients in the titration period and those subsequently randomized to treatment in the maintenance period were comparable (Table 2) . Threequarters of the enrolled patients had not used opioid analgesics within 30 days prior to entering this study; however, nearly all patients had previously used other medications for analgesia, most commonly ibuprofen (32.4%), acetaminophen (23.8%), and naproxen sodium (11.9%). For patients who were randomized, no significant differences in demographic variables or baseline opioid use, pain location, or pain scores were evident between patients in the MS-sNT and placebo groups ( Table 2) .
Effect of MS-sNT During Titration Period
For randomized patients who reported scores at both screening and randomization baseline, the mean decrease in diary worst-, least-, average-, and current-pain scores is shown in Table 3 . Scores for composite index and the 3 subscales of the WOMAC Osteoarthritis Index decreased from titration baseline to final titration visit ( Morphine Sulfate and Naltrexone HCI Extended Release
Scale scores at titration baseline and at the final titration visit did not indicate severe sleep problems in these patients at either time (Table 3 ). The average weekly use of rescue medication (acetaminophen, 500 mg) during the titration period (n = 482) was 12.5 tablets. There were 317 of 547 (58%) patients who reported scores demonstrating $ 30% improvement in in-clinic pain scores; 293 (53.6%) with $ 40% improvement; and 247 (45.2%) with $ 50% improvement during the titration period.
Primary Efficacy Analysis
Mean average-pain scores at randomization baseline and study completion are shown in Table 4 . The mean change from randomization baseline was statistically significant with MS-sNT compared with placebo (-0.2 ± 1.9 vs +0.3 ± 2.1; P = 0.045). Patients taking MS-sNT experienced an additional small decline in pain scores, while those taking placebo experienced a small increase compared with randomization baseline.
Treatment group differences from the 3 prespecified alternative methods of imputation, conducted as supportive efficacy analyses to explore the potential impact of opioid withdrawal on the primary outcome measure, were directionally consistent with the primary analysis ( Table 4) .
Secondary Efficacy Outcomes During the Maintenance Period
Reduction in average pain from screening baseline was maintained during the maintenance period to a greater degree in patients taking MS-sNT than in those taking placebo (Figure 3) . Changes from randomization baseline for each of the 4 pain intensity items statistically favored the MS-sNT group over the placebo group at all visits during the maintenance period (P , 0.05, except for the week 1 average-pain score; P = 0.067). Patients taking placebo also had a greater increase from randomization baseline in diary average-pain score (0.7 ± 1.5) than those taking MS-sNT (0.1 ± 1.4) when scores were averaged over the entire maintenance period.
Responder analysis at the time of completion of the maintenance period is illustrated in Figure 4 . More patients on MS-sNT than on placebo experienced $ 30% improvement from the titration baseline visit in-clinic assessment of pain scores (124/171 [72.5%] vs 100/173 [57.8%]; P = 0.005). The numerically higher rates for those Significant differences from randomization baseline favoring MS-sNT versus placebo (P , 0.05) were observed at most visits during the maintenance period for the composite index and physical function subscale scores of WOMAC. Changes from randomization baseline in WOMAC composite index and pain subscale scores significantly favored MS-sNT over placebo (P = 0.031 and P = 0.023, respectively) at week 12 of maintenance (Table 5) . At week 12 of maintenance, changes from randomization baseline in stiffness and physical function subscale scores were not significantly different from the placebo group (Table 5) .
Mean changes from baseline to week 12 of the maintenance period were not significantly different between treatment groups for MOS Sleep Scale (randomization baseline to week 12) or BDI scores (titration baseline to week 12). The BDI scores at titration baseline and all assessments during the maintenance period were , 6, indicating only mild depression throughout the study (Table 5) .
During the maintenance period, 127 patients (74.3%) in the MS-sNT group and 125 patients (72.3%) in the placebo group used rescue medication (acetaminophen) for breakthrough pain. In both groups, the number of tablets per week was low (mean ± SD, 5.3 ± 6.1 vs 6.2 ± 5.7 tablets; median, 2.4 vs 4.4 tablets). Figure 5 demonstrates a post hoc analysis of the proportion of patients who discontinued during the maintenance period for any reason over time overall (A), as well as those who discontinued due to AEs (B), or lack of efficacy (C). Time to discontinuation due to any reason or AEs did not differ between the MS-sNT and placebo groups, but the time to discontinuation for lack of efficacy was shorter for placebo versus MS-sNT (P , 0.001, log-rank test). This difference was consistent with the higher proportion of patients who discontinued due to lack of efficacy during the maintenance period in the placebo group (18.5%) versus those taking MS-sNT (3.5%; P , 0.0001, Fisher exact test).
Safety and Tolerability
The titration period with MS-sNT lasted for 19.6 ± 13.8 days (mean ± SD). Patients started MS-sNT at an average daily dose of 25.3 ± 9.7 mg (range, 20-120 mg) and ended at an average daily dose of 43.5 ± 31.7 mg (range, 20-160 mg). After entering the maintenance period, exposure to double-blind treatment was numerically longer in the MS-sNT group than in the placebo group (mean, 74.2 vs 66.4 days).
The majority of patients (347/547, 63.4%) experienced $ 1 AE during the titration period, most commonly constipation, nausea, and somnolence (Table 6 ). Three patients (0.5%) had serious AEs (SAEs) during the titration period; of these, 1 event (hypotension) was considered by the investigator to be possibly or probably related to the study drug. Of the other 2 events, atrial fibrillation was considered unrelated to study treatment and concussion was considered unlikely to be treatment related. During the titration period, 38 patients (6.9%) had AEs that were judged to be severe, most frequently constipation (1.8%) and somnolence Downloaded by [Massachusetts College of Pharmacy] at 11:24 20 November 2015
Morphine Sulfate and Naltrexone HCI Extended Release (1.5%). A total of 130 patients (23.8%) discontinued from the study during the titration period due to AEs, most commonly nausea (4.2%), constipation (3.7%), somnolence (2.7%), and vomiting (2.7%).
During the maintenance period, the incidence of AEs was similar between the MS-sNT and placebo groups (53.2% and 48.6%, respectively, P = 0.391), with the most common events being diarrhea and nausea (Table 6 ). Compared with the titration period, the most common AEs, except for diarrhea, occurred at lower rates during the maintenance period. Six patients taking MS-sNT experienced SAEs (pancreatitis and renal cell carcinoma, malignant lung neoplasm, cholelithiasis, intestinal blockage, viral gastroenteritis, and basal cell carcinoma); 3 patients on placebo experienced SAEs (chest pain, abdominal pain, and transient ischemic attack). Only 1 SAE (abdominal pain in a patient taking placebo) was considered by the investigator to be treatment related. Twenty patients, including 11 patients (6.4%) in the placebo group and 9 patients (5.3%) in the MS-sNT group, had severe AEs. During the maintenance period, 18 patients (10.5%) in the MS-sNT group and 13 patients (7.5%) in the placebo group indicated AEs as the reason for discontinuation; however, 11 patients (6.4%) in the placebo group and 14 patients (8.2%) in the MS-sNT group had premature discontinuation of study drug indicated as the action taken on the AE case report form. The most common AEs leading to discontinuation were nausea (3 MS-sNT Overall, the majority of AEs in the titration and maintenance periods were judged by the investigators to be mild to moderate in intensity. Analysis of laboratory and vital signs data revealed no clinically relevant results with MS-sNT compared with placebo.
Withdrawal Symptoms
Symptoms and signs of opioid withdrawal were evaluated using COWS and SOWS and analyzed according to the dose of MS-sNT (# 80 and . 80 mg/day) at randomization. In both subsets, the mean COWS score at the randomization baseline was low (# 0.7). During the study, no patient experienced opioid withdrawal while taking MS-sNT as directed. During titration, an opioid-naïve patient taking a daily dose of MS-sNT 160 mg had a single COWS assessment with a score of 16 at an early termi- Morphine Sulfate and Naltrexone HCI Extended Release and discontinued due to lack of efficacy. The latter patient was handled as a dropout due to opioid withdrawal during the imputation process, per prespecified rules. An additional opioid-naïve patient tapering from 160 mg/day to placebo had a COWS score of 13 (moderate) during week 1 of taper, which was reduced to 8 (mild) at week 2. This patient completed the study. One opioid-naïve patient taking 120 mg/day of MS-sNT abruptly stopped treatment on day 49 of maintenance, experienced drug withdrawal symptoms on day 52, and had a score of 28 (moderately severe withdrawal) on day 54. The event resolved on the same day after the patient was discontinued from the study and treated with lorazepam. As was prespecified for the efficacy analysis, pain scores were imputed using the screening baseline value (Table 7) . SOWS data were collected during the first 2 weeks of the maintenance period. At the randomization baseline, the mean SOWS scores in the placebo and MS-sNT groups averaged 4.7 and 4.4, respectively, in the subset with a randomization dose of # 80 mg, and 6.7 and 7.9, respectively, in the subset with a randomization dose of . 80 mg. Over days 4 to 6, the mean worst score on SOWS increased to 9.3 and 8.8 in the placebo and MS-sNT groups, respectively, in the subset with a randomization dose of # 80 mg, and to 11.9 in both groups in the subset with a randomization dose of . 80 mg. Overall, the SOWS scores did not differ appreciably between the MS-sNT and placebo groups.
Three additional patients reported individual symptoms consistent with withdrawal as an AE during the study (Table 7) . One patient reported withdrawal symptoms during the week 4 titration visit. The patient had taken rescue medication instead of study drug during the previous week, and was discontinued from the study due to noncompliance. The COWS score was 7 for this patient at the study termination visit 1 week later. Two patients reported symptoms noted as drug withdrawal symptoms beginning on the second day of tapering after completion of the 12-week maintenance period, which therefore did not influence the analyses of any outcome measures. One of these patients had been taking MS-sNT 20 mg twice daily and experienced diarrhea, vomiting, and restless legs syndrome; all classified as mild and unrelated to study drug. She was treated with 10 mg oral morphine sulfate as needed for 3 days. The COWS score had been 0 the prior day. The second patient had been taking placebo over the 12-week maintenance period and reported withdrawal symptoms of moderate intensity identified as Figure 5 . Proportion of patients who discontinued during the maintenance period due to (A) any reason, (B) AEs, or (C) lack of efficacy. nation visit prior to randomization; the patient had been compliant until titration week 5, then took 5 capsules in 10 days between the week 5 visit and the early termination visit (Table 7) . During the maintenance period, 2 patients had scores of 23 (moderate withdrawal) during taper to placebo: an opioid-experienced patient taking 120 mg/day who had a COWS score of 23 at week 2 of maintenance, continued in the study, then discontinued at week 6 of maintenance due to lack of efficacy (COWS score at that time was 1); and an opioid-naïve patient taking 60 mg/day who had a COWS score of 23 at week 1 of maintenance Duration of trial for some patients was extended beyond 12 weeks based on the actual time of the nominal 12-week visit. Abbreviations: AE, adverse event; MS-sNT, morphine sulfate with sequestered naltrexone. All TEAEs occurring in $ 5% of patients during the titration period or in $ 5% of patients in either group of the maintenance period. b Drug-related events were judged to be possibly, probably, or definitely related to study treatment by the investigator. Abbreviations: AE, adverse event; MS-sNT, morphine sulfate with sequestered naltrexone; SAE, serious adverse event; TEAE, treatment-emergent adverse event. Morphine Sulfate and Naltrexone HCI Extended Release definitely related to study drug. The patient's COWS score had been 0 throughout the study. The symptoms resolved the following day.
Discussion
This study demonstrated that MS-sNT is significantly more efficacious than placebo in maintaining relief of chronic, moderate-to-severe pain associated with OA of the hip and knee in patients who had not been able to consistently control their pain with previous medications, including NSAIDs, COX-2 inhibitors, tramadol, and low-dose opioids.
In this study, patients were first titrated to an effective dose of MS-sNT and then randomized to continue MS-sNT or switch to placebo. The open-label titration period allowed for slow dose increases over a prolonged period (up to 45 days). Using this protocol, the treatment was effective in 62.9% of patients (344/547), based on prespecified efficacy criteria and tolerability. The relatively high rate of responders during titration was similar to that in other trials of opioids in which there was a gradual process to stabilize patients on the optimal dose. 18, 27 The diary average-pain score in the last 24 hours was reduced from 6.1 at the beginning of the titration to 2.6 at randomization. Similar reductions were seen in the worst, least, and current pain scores, and decreases in WOMAC Osteoarthritis Index subscale and composite scores were observed. It is important to note, however, that these results are reported for only those patients who satisfactorily completed titration (ie, proceeded to randomization), and do not represent the mean score for the entire group entering titration.
During the titration period, the mean decrease from titration baseline in the diary worst, least, average, and current pain scores was $ 3.3, a difference generally accepted as clinically meaningful. 28 Because of the randomized withdrawal design, the lowest mean pain scores in both treatment groups were expected at the randomization baseline; pain scores were expected to increase over time during the maintenance period in the placebo group. In the primary efficacy analysis, average pain scores (over the last 24 hours, averaged over the last 7 days of treatment) declined by 0.2 (6.1% decrease) from the randomization baseline to the final week of the maintenance period in the MS-sNT group, whereas it increased by a mean of 0.3 (9.4% increase) in the placebo group (P = 0.045). This difference between treatments indicated that the ability to maintain established pain relief with MS-sNT is superior to that of placebo.
Prespecified alternative imputation methods, used to account for patients who discontinued during the study, supported the efficacy findings of the primary analysis. Methods 2 and 3, which assigned poor efficacy responses for discontinuations due to lack of efficacy (screening baseline imputation) provided more appropriate estimates than Method 1, which assigned good efficacy responses for discontinuations due to lack of efficacy.
The robustness of the primary efficacy finding was supported by the secondary outcomes, which favored MS-sNT over placebo for both pain and function. These outcomes included diary pain scores (worst, least, average, and current pain) and WOMAC composite index and pain subscale scores during the maintenance period, with trends observed for the physical function and stiffness subscales. Differences in rescue medication usage did not account for the difference between treatment group efficacy responses, since patients in the MS-sNT group used numerically fewer tablets of rescue medication per week than those in the placebo group.
The MOS Sleep Scale and BDI scores at baseline and subsequent evaluations indicated that, overall, patients did not experience depression, nor did they have severe sleep problems during the study. Therefore, it is not surprising that differences between treatment groups were not observed during the maintenance period. Because patients were asked to report global improvement on the PGIC at each visit compared with the previous visit, the differences in PGIC between MS-sNT and placebo during the maintenance period were not interpretable. Ideally, studies should assess PGIC at study endpoint compared with study entry.
This study used an EERW design, which identified patients who appeared to benefit from and tolerate the active drug in an open-label setting and excluded those who did not tolerate the treatment acceptably or failed to respond to the drug. 16 Using this trial design, study drug is titrated to an effective, tolerated dose individually tailored, rather than assigned a fixed dose that would not be optimal for all patients. The open-label portion of the EERW methodology may more accurately reflect clinical practice when compared with a parallel treatment design comparing a set dose of active therapy versus placebo. 29 In clinical practice, individualized adjustments to therapy are made to attain optimal pain control, side effects are managed appropriately before discontinuing therapy, and patients are aware that they are receiving active treatment and not placebo. In this study, 53.6% of the initial cohort of patients reported $ 40% improvement with treatment, similar to response rates identified in other opioid trials. Morphine Sulfate and Naltrexone HCI Extended Release (KADIAN ® ), 13 suggesting that the presence of naltrexone within MS-sNT did not affect response. The current study was not designed to evaluate the potential for misuse or abuse of the MS-sNT formulation. A study designed to assess the subjective effects among recreational opioid abusers when MS-sNT was tampered with and taken orally indicated reduced drug liking and euphoria compared with those from morphine taken in solution. 12 A second study, in which morphine and naltrexone were administered intravenously in the ratio present in MS-sNT, indicated a similar reduction in subjective effects compared with administration of morphine alone. 33 Large epidemiology studies in the community are warranted to better assess the abuse potential of MS-sNT and other formulations incorporating features designed to deter abuse.
Conclusion
In summary, this study demonstrated that 12 weeks of treatment with MS-sNT is significantly more effective than placebo in maintaining pain relief provided by initial dosing of MS-sNT in patients with chronic, moderate-to-severe pain due to OA of the hip or knee. MS-sNT demonstrated a safety profile typical of other morphine-containing products. The presence of sequestered naltrexone in the MS-sNT formulation did not cause withdrawal symptoms when used as directed for pain management.
